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Highlights,!
• New!PGSTE!sequences!suppressing!both!solvent!resonance!and!JHmodulation!
• Employs!the!perfect!echo!for!scalar!coupling!refocusing!
• Solvent!suppression!via!one!or!two!WATERGATE!blocks!
• Special!attention!is!given!to!the!robustness!of!solvent!suppression!in!DOSY!!
Abstract,!The!most!favourable!solvent!suppression!methods!that!have!been!applied!to!PGSTE!experiments!for!the!measurement!of!diffusion!are!WATERGATE!and!excitation!sculpting.!However,!both!methods!come!with!significant!JHmodulation!lineHshape!distortions!on!multiplets,!a!phenomenon!that!is!known!to!be!of!particular!concern!for!DOSY!data!processing.!Here,!two!new!PGSTE!experiments!are!proposed!that!suppress!both!the!solvent!peak!and!JHmodulation!based!on!the!perfect!echo!WATERGATE!sequence.!This!allows!narrow!suppression!bandwidths!and!thus!measurement!of!diffusion!on!peaks!close!to!the!solvent!peak.!Both!sequences!perform!admirably!and!the!better!option!depends!on!the!priority!one!puts!on!the!quality!of!the!solvent!suppression!or!signal!loss!due!to!T2!weighting.!GradientHbased!solvent!suppression!in!PGSTE!experiments!can!often!be!compromised!by!the!variable,!diffusionHencoding!gradient!pulses.!Special!emphasis!is!put!on!how!to!maximize!the!robustness!of!the!solvent!suppression.!!
1.,Introduction,!The!measurement!of!molecular!translational!diffusion!in!solution!by!NMR!pulsed!field!gradient!(PFG)!experiments![1H3]!has!become!an!established!methodology!with!a!broad!range!of!applications,!such!as!the!study!of!molecular!interactions![4H8],!spectral!editing!by!diffusion!weighting![9,!10]!or!complex!mixture!analysis!under!the!label!of!Diffusion!Ordered!Spectroscopy!or!DOSY.![8,!11,!12]!Diffusion!NMR!sequences!can!be!divided!into!two!groups,!considering!whether!a!spin!echo!(PGSE,!pulsed!field!gradient!spin!echo)![13]!or!stimulated!echo!(PGSTE,!pulsed!field!gradient!stimulated!echo)![14]!sequence!is!used.!PGSTE!has!until!now!been!considered!as!the!most!versatile!of!the!two,!since!it!suffers!much!less!from!scalar!
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coupling!evolution!and,!more!decisively,!it!stores!the!magnetization!during!the!long!diffusion!delay!along!the!zHaxis.!For!slowly!tumbling!molecules,!where!T1!is!significantly!longer!than!T2,!this!leads!to!the!smallest!loss!of!signal!even!when!taking!into!account!the!inherent!loss!of!a!factor!of!2!associated!with!the!STE.!In!this!work,!the!focus!lies!on!the!PGSTE!approach.!In!many!cases,!the!nature!of!the!system!under!study!requires!the!measurement!to!be!performed!under!protonated!solvent!conditions,!necessitating!appropriate!solvent!suppression!techniques![15].!The!most!successful!solvent!suppression!sequences!that!have!been!incorporated!into!both!PGSE![16,!17]!and!PGSTE![10,!18H20]!are!WATERGATE!(WATER!suppression!by!GrAdientHTailored!Excitation)![21]!and!excitation!sculpting![22].!Both!techniques!apply!gradientHenhanced!selective!echo!elements,!where!only!the!nonHsolvent!signals!are!inversed!and!thus!refocused!at!the!end!of!the!sequence.!The!main!advantage!of!this!approach!over!presaturationHbased!methods!is!the!retention!of!signals!from!protons!that!are!exchangeable!with!solvent!protons,!which!may!be!of!particular!interest!to!observe!in!DOSY!spectra.![23,!24]!All!PGSTE!sequences!integrating!WATERGATE!or!excitation!sculpting!have!until!now!been!applied!to!bipolar!gradient!pulse!pair!sequences!(BPPSTE)![25],!which!has!the!advantage!of!suppressing!signalHloss!due!to!crossHrelaxation!or!chemical!exchange![26,!27].!In!the!PGSTEHWATERGATE!sequence,!Price!and!coHworkers![18,!19,!28]!have!combined!two!WATERGATE!elements!within!the!bipolar!gradient!pulse!pairs,!effectively!making!them!asymmetric,!resulting!in!excellent!solvent!suppression!without!phase!distortions!similar!to!excitation!sculpting.!However,!for!effective!diffusion!attenuation,!this!approach!relies!on!the!difference!between!the!strengths!of!the!gradient!pulses!within!the!asymmetric!pair,!considerably!limiting!the!available!sampling!range!of!gradient!strength!increments!available.!An!alternative!strategy!is!to!simply!append!the!solvent!suppression!elements!to!the!PGSTE!sequence,!as!implemented!with!excitation!sculpting!by!Balayssac!et#al!in!the!BPPSTEHES!sequence![20].!Although!this!approach!recovers!the!full!gradient!sampling!range,!the!interference!of!the!variable!diffusion!encoding!gradient!strengths!with!the!solvent!suppression!gradient!pulses!often!leads!to!refocusing!of!unwanted!solvent!coherence!transfer!pathways!(CTPs),!resulting!in!unstable!suppression!and!possible!receiver!gain!overflows.!WATERGATE!and!excitation!sculpting!both!require!selective!pulse!schemes!that!have!to!be!up!to!several!milliseconds!long!to!achieve!sufficient!selectivity.!Because!of!this,!all!of!the!above!approaches!suffer!from!significant!homonuclear!scalar!coupling!evolution!(JHmodulation)!during!the!sequence,!resulting!in!partial!antiHphase!multiplets!and!thus!dispersive!lineHshape!contributions.!This!leads!to!an!increased!risk!of!peak!overlap,!which!is!always!unfavourable!for!DOSY!processing.!Botana!et#al!previously!pointed!out!that!lineHshape!distortions!due!to!JHmodulation!are!particularly!notorious!in!this!regard,!since!overlap!with!either!the!positive!or!negative!tails!of!the!dispersive!peak!shapes!lead!to!different!directions!of!the!‘average’!fitted!diffusion!coefficient,!compromising!HRHDOSY!analysis.![29]!Several!strategies!to!supress!JHmodulation!artefacts!have!already!been!applied!to!PGSE![30H32],!BPPSTE![29]!and!WATERGATE![33]!experiments!separately.!Here,!two!new!BPPSTE!sequences!are!proposed!that!combine!JHmodulation!and!solvent!suppression,!based!on!the!recently!developed!“perfect!echo”!WATERGATE![33].!In!addition,!some!special!consideration!is!given!to!avoiding!distortions!on!the!residual!solvent!peak!that!are!common!in!DOSY!experiments!applying!gradientHbased!solvent!suppression.!!
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Figure,1:!Pulse!sequences:!(a)!PEHWG![33];!(b)!PEHESHWG![33]!(c)!PEHBPPSTEHWG1;!(d)!PEHBPPSTEHWG2.!Black!vertical!bars!indicate!hard!rfHpulses!with!the!tilt!angle!indicated!above,!black!horizontal!bars!indicate!soft!rfHpulses.!One!representative!desired!CTP!is!shown!for!both!the!nonHsuppressed!(black!solid!line)!and!suppressed!(red!dotted!line)!signals!(supplementary!material).!The!gradient!strengths,!expressed!in!percentages!of!their!maximum!values,!are!given!by!g0!=!−16%,!g1!=!−10%,!g2!=!38%,!g3!=!−4%!× 2δs/δ,!g4!=!44%!and!g5!=!−68%.!An!alternative!set!of!values!to!avoid!receiver!gain!overflows!is!presented!in!the!supplementary!material.!The!gradient!scheme!is!organized!such!that!the!2H!lock!signal!is!minimally!perturbed.!The!durations!of!τE,A!and!τE,B!depend!on!which!of!both!sides!of!their!respective!perfect!echoes!requires!the!most!time.!The!minimum!number!of!transients!
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in!the!phase!cycle!(Table!1)!is!16,!although!increasing!to!64!or!even!128!transients!can!still!significantly!reduce!the!averaged!residual!solvent!signal!intensity!(supplementary!material).!!!
Table,1:!Phase!cycle!for!the!PEHBPPSTEHWG!sequences!presented!in!Figure!1.!!
Φ1! 0!
Φ2! 01+01282128!
Φ2’! Φ2+2!
Φ3! 064164+02562256!
Φ3’! Φ3+2!
Φ4! 1!
Φ5! 0212+04241434!
Φ6! 04241434+016216116316!
Φ7! 04241434+016216116316!
Φ8! 016216116316!
ΦR# 2Φ2+2Φ3−2Φ5+Φ6+Φ7−2Φ8!The!phases!are!represented!as!multiples!of!90°,!i.e.!0!=!0°,!1!=!90°,!2!=!180°,!3!=!270°.!Other!numbers!resulting!from!the!algebraic!expressions!are!congruent!to!the!aforementioned!numbers!(modulo!4).!Subscripts!represent!repetition!of!a!phase.!Plus!and!minus!signs!indicate!addition!and!subtraction!of!the!phases!at!matching!positions!in!the!series,!for!which!each!series!must!first!be!repeated!until!uniform!series!length!is!reached.!The!fully!expanded!phase!cycle!is!provided!in!the!supplementary!material.!!
2.,Pulse,sequences,!JHmodulation!lineHshape!artefacts!can!be!minimised!by!means!of!a!perfect!echo!(PE)!element![34].!This!consists!out!of!two!individual!spinHechoes!of!duration!τE!with!inHbetween!a!90°!pulse!possessing!a!phase!quadrature!to!the!excitation!pulse,!thus!only!affecting!the!antiphase!magnetization!developed!during!the!first!spin!echo.!It!can!be!shown!that!at!the!end!of!the!perfect!echo,!the!homonuclear!scalar!coupling!evolution!is!perfectly!refocused!within!an!AX!spin!system![34],!while!for!arbitrary!spin!systems!this!occurs!equally!well!when!the!condition!! !! 2 ≪ 1!is!satisfied!and!the!system!was!initially!at!equilibrium![35].!Recently,!a!perfect!echo!version!of!WATERGATE!was!developed!(PEHWG),!achieving!similar!solvent!suppression!properties,!but!removing!practically!all!JHmodulation!effects!(Figure!1a).![33]!In!a!similar!strategy!as!for!excitation!sculpting!(ES),!a!second!WATERGATE!block!can!be!incorporated!into!the!perfectHecho!(PEHESHWG),!further!increasing!solvent!suppression!efficiency!(Figure!1b).!Contrary!to!true!excitation!sculpting!though,!the!perfect!echo!requires!the!individual!WATERGATE!blocks!to!adhere!to!particular!symmetry!properties!to!ensure!chemical!shift!refocusing!at!the!quadrature!pulse.![22,!33]!Figure!1!shows!two!BPPSTE!sequences!wherein!the!spin!echoes!accommodating!the!bipolar!pulse!pair!gradients!both!have!been!recruited!as!halves!of!perfect!echo!elements.!These!sequences!thus!achieve!scalar!coupling!refocusing!on!both!sides!of!the!STE!sequence.!Note!that!only!the!second!half!of!the!first!PE!and!the!first!half!of!the!second!PE!can!be!used!for!diffusion!encoding,!as!the!quadrature!pulse!does!not!tolerate!the!solute!magnetization!to!be!dephased.!The!PEHBPPSTEHWG1!sequence!(Figure!1c)!recuperates!the!second!half!of!the!second!perfect!echo!as!a!WATERGATE!block,!delivering!solvent!suppression!of!similar!quality!as!the!PEHWG!sequence.!In!the!PEHBPPSTEHWG2!sequence,!a!second!WATERGATE!block!is!incorporated!into!the!first!PE,!providing!similar!solvent!suppression!properties!as!PEHESHWG.!!A!notable!difference!to!the!BPPSTEHES!sequence![20]!is!the!absence!of!a!longitudinal!eddy!current!delay!(LED),![36]!which!would!have!complicated!the!sequence!and!thus!proper!coherence!selection!(vide#infra)!even!further!by!introducing!additional!rfHpulse!intervals!and!
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gradient!pulses.!This!exclusion!is!warranted!on!modernHday!probes!with!shielded!gradient!coils!applying!moderate!gradient!strengths.!!Both!sequences!apply!asymmetric!bipolar!gradient!pairs!for!increased!coherence!selection!similarly!as!in!the!Oneshot!DOSY!sequence![37].!Contrary!to!the!Oneshot!however,!the!difference!in!gradient!strength!within!the!bipolar!pulse!pair!is!kept!constant!(2g3)!rather!than!the!ratio.!This!approach!was!preferred!here!as!it!allows!more!robust!solvent!peak!suppression!(vide#infra).!Additionally,!it!generally!compromises!less!the!maximum!attainable!value!for!the!diffusion!encoding!variable!gradient!strength!gvar.!The!constant!gradients!do!cause!the!StejskalHTanner!equation!to!deviate!slightly!from!its!standard!Gaussian!form:!! ! = !!!!!!!!!!!!!"#! !!! !!! !!! !!!!!!!!! ! !!!!!"#! ! !!! !!! !!!!!!!! ! !!!!"# !!!!!!!!!= !!!!!!!!!!!!!!"#! !!! !!! !!! !!!!!!!!! ! !!!!"# !!!!!!!!! !!Here,!Δ!is!the!diffusion!delay,!δ!is!the!total!duration!of!the!gradient!pulses!within!a!bipolar!pair,!
τ1!and!τ2!are!the!intergradient!delays!within!respectively!the!first!and!second!bipolar!pair,!gvar!and!g3!are!the!gradient!strengths!as!defined!in!Figure!1,!D!is!the!diffusion!coefficient,!γ!the!gyromagnetic!ratio!and!!!! !the!preHexponential!factor!that!is!independent!on!gvar!if!g3!does!not!relate!to!gvar.!The!parameters!σ,!κ!and!λ!solely!depend!on!the!gradient!pulse!shape!applied,!e.g.!! = 1,!! = 1 3!and!! = 1 2!for!a!rectangular!shape,!while!for!a!sine!bell!shape!! = 2 !,!! = 3 8!and!! = 1 2.![38]!The!nonHGaussian!behaviour!has!the!minor,!nonHcritical!drawback!that!a!modified!gradient!increment!scheme!needs!to!be!calculated!when!there!are!requirements!in!this!respect.!This!is!the!case!when!using!the!DECRA!processing!method,!which!requires!the!exponential!decay!to!be!linearly!sampled.![39]!!!
3.,Pulse,sequence,performance,!Figure!2!demonstrates!the!performance!of!both!PEHBPPSTEHWG!sequences!relative!to!regular!WATERGATE,!a!double!WATERGATE!sequence![22],!PEHWG!and!PEHESHWG.!The!sample!used!is!a!3%!solution!in!90:10!H2O:D2O!of!Fristi®,!a!yoghurtHbased!sweet!drink.!All!JHmodulation!lineHshape!artefacts!are!removed!as!effectively!as!in!the!PEHWG!spectra.!The!quality!and!bandwidths!of!the!solvent!suppression!are!comparable!to!those!of!the!PEHWG!and!PEHESHWG!sequences.!In!general,!the!PEHBPPSTEHWG2!sequence!provides!the!cleanest!solvent!suppression!and!the!least!distorted!baselines.!Double!WATERGATE!blocks!do!come!at!the!expense!of!a!less!narrow!suppression!bandwidth!relative!to!single!WATERGATE!blocks!for!the!same!soft!pulse!length.![22]!In!addition,!given!the!same!total!soft!pulse!lengths,!the!PEHBBPSTEHWG2!sequence!inherently!cannot!achieve!as!narrow!suppression!bandwidths!compared!to!methods!based!on!true!excitation!sculpting,!such!as!PGSTEHWATERGATE!and!BPPSTEHES.!!This!is!due!to!the!symmetry!requirements!of!the!WATERGATE!blocks!within!the!perfect!echoes,!where!it!is!true!excitation!sculpting’s!main!feature!to!be!relieved!of!this!constraint.![18,!22]!However,!just!as!in!PEHWG![33],!the!perfect!echoes!allow!the!suppression!bandwidth!to!be!significantly!narrowed!down!by!increasing!the!soft!pulse!lengths!without!introducing!severe!JHmodulation!lineHshape!artefacts,!more!than!compensating!the!disadvantage!of!PEHBPPSTEHWG2!compared!to!true!excitation!sculpting.!!Figure!3!illustrates!the!performance!of!the!PEHBPPSTEHWG2!sequence!at!various!soft!pulse!lengths.!At!10.5!ms!90°!soft!pulse!length,!the!lactose!and!glucose!signals!located!merely!0.1!ppm!(50!Hz)!next!to!the!residual!water!peak!can!be!detected!with!sufficient!sensitivity!to!
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be!included!into!a!DOSY!analysis.!The!PEHBPPSTEHWG!sequences!are!thus!particularly!useful!when!peaks!nearby!the!solvent!frequency!are!of!interest.!Increasing!the!soft!pulse!length!does!come!at!the!price!of!increasing!the!perfect!echo!durations!and!thus!T2!weighting.!For!this!reason,!PEHBPPSTEHWG1!may!be!the!preferred!choice!in!situations!where!this!is!a!concern,!as!in!this!case!only!one!of!the!perfect!echoes!has!to!be!matched!to!the!soft!pulse!lengths.!Additionally,!at!very!long!soft!pulse!lengths,!the!perfect!echo!assumption!! !! 2 ≪ 1!may!no!longer!be!satisfied,!resulting!in!the!reintroduction!of!some!JHmodulation!distortions.!!
!!
Figure,2:!1D!1H!spectra!(selected!region)!of!a!dilution!of!Fristi®,!applying!regular!WATERGATE!(a),!a!double!WATERGATE!sequence!(b),!PEHWG!(c),!PEHESHWG!(d),!PEHBPPSTEHWG1!(e)!and!PEHBPPSTEHWG2!(f).!The!number!of!transients!was!16!and!the!90°!soft!pulse!length!was!4!ms!throughout.!For!(e)!and!(f),!δs!=!0.8!ms,!δ!=!2.5!ms,!
Δ!=!150!ms!and!gvar!was!set!to!10%!of!the!maximum!gradient!strength.!Severe!JHmodulation!artefacts!can!be!seen!in!(a)!and!(b),!while!this!is!suppressed!in!(c)!to!(f).!This!is!further!illustrated!in!the!insets,!which!show!a!sucrose!doublet!and!a!lactate!quadruplet!overlapping!with!each!other.!!
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!
Figure,3:!Anomeric!proton!resonance!region!of!Fristi®,!applying!the!PEHBPPSTEHWG2!sequence!averaged!over!128!transients,!with!soft!pulse!lengths!of!4!ms!(a),!8!ms!(b)!and!10.5!ms!(c).!Delays!and!gradient!strengths!were!set!as!indicated!in!Figure!2.!At!10.5!ms!soft!pulse!length,!the!suppression!bandwidth!is!sufficiently!narrow!to!detect!the!βHlactose!and!βHglucose!anomeric!proton!resonances.!Under!these!conditions,!32!increments!were!measured!with!gvar!ranging!linearly!between!2%!and!95%.!With!the!DOSYToolbox!v2.0,![40]!a!DOSY!plot!was!generated!from!this!dataset!as!shown!in!(d),!demonstrating!the!feasibility!to!measure!with!these!sequences!diffusion!on!resonances!very!close!to!the!solvent!resonance.!A!selected!number!of!signal!intensity!decays!are!included!in!the!supplementary!material.!Peak!assignments!were!made!by!comparison!to!reference!spectra!in!the!Human!Metabolome!Database.![41]!!
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Figure,4:!(a)!PEHBPPSTEHWG1!spectra!of!the!Fristi®!sample!measured!with!various!gvar!values!and!all!other!parameters!set!as!described!in!Figure!2.!The!soft!pulse!length!was!8!ms.!Averaging!was!performed!over!16!transients,!using!two!different!phase!cycles!for!comparison:!(a)!Φ5!=!0213,!Φ6!=!Φ7!=!0213!+!04241434!and!Φ7!=!04241434;!(b)!Φ1!=!0828,!Φ6!=!0213!+!0424,!Φ7!=!0213.!The!phase!cycle!strategy!of!(a)!clearly!leads!to!a!superior!robustness!of!the!residual!solvent!peak!towards!the!value!of!gvar.!!!
4.,Robustness,of,solvent,suppression,within,PGSTE,experiments,!Integrating!gradientHbased!solvent!suppression!schemes!in!PGSTE!sequences!is!complicated!by!the!presence!of!the!diffusion!encoding!variable!gradients.!In!general,!undesired!CTPs!arising!from!rfHpulse!imperfections!can!be!suppressed!through!spoil!gradients.!However,!the!degree!of!dephasing!that!these!CTPs!possess!at!the!end!of!the!sequence!depends!on!the!variable!gradient!strength,!possibly!leading!to!incidental!refocusing.!For!solute!peaks,!this!typically!results!in!relatively!minor!gradientHdependent!signal!contributions.!However,!for!the!strong!solvent!signal,!these!contributions!can!lead!to!significant!intensity!and!lineHshape!artefacts!of!its!residual!signal,!resulting!in!a!seemingly!erratic!behaviour!as!gvar!varies.!This!substantially!disrupts!the!spectrum!baseline!around!the!solvent!peak,!affecting!the!usefulness!of!the!DOSY!spectrum!for!nearby!solute!peaks!and!effectively!disrupting!the!solvent!suppression!quality.!!Because!of!the!solvent!peak’s!strong!dependence!on!gvar,!it!is!very!hard!or!even!impossible!to!design!an!adequate!standHalone!spoil!gradient!scheme.!Therefore,!even!more!so!than!in!DOSY!without!solvent!suppression,!sufficient!signal!averaging!applying!a!proper!phase!cycle!is!a!necessity!to!obtain!good!quality!spectra!with!robust!residual!solvent!peak!behaviour!and!therefore!warrants!some!attention.!All!of!this!is!especially!true!when!the!sequence!contains!many!rfHpulse!intervals!containing!gradient!pulses,!resulting!in!a!high!number!of!possible!undesired!CTPs.!This!is!effectively!the!case!for!the!PEHBPPSTEHWG!sequences,!where!the!gradientHbased!CTP!selection!criterion!is!given!by!(assuming!for!simplicity!equal!values!for!δs!and!δ/2):!!!!! + !!!! + !! −!!"# + !! + !! !!"# + !! + !! !! + !! + !! !!"# + !!+ !! −!!"# + !! + !!!! + !!!! = 0! (1)!
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!To!achieve!a!solvent!suppression!that!is!as!robust!as!possible,!the!dependence!on!gvar!should!be!removed!from!the!above!equation.!Assuming!the!solvent!resonance’s!maximum!coherence!order!is!1!( ! !"# = 1),!this!can!be!achieved!by!introducing!a!16!step!phase!cycle!that!selects!the!conditions!!! = !!!and!!! = !!!(Appendix!A).!Combining!these!with!the!gradientHbased!criterion!leaves!the!overall!CTP!selection!without!any!dependence!on!gvar:!! !!!! + !!!! + 2!!!! + 2!!!! + !! !! + !! + !!!! + !!!! = 0! (2)!Note!that!if!a!constant!gradient!strength!ratio!rather!than!a!constant!difference!within!the!bipolar!pulse!pair!was!chosen!(vide#supra),!a!dependence!on!gvar!would!still!have!been!present!through!g3.!From!this!point!on,!the!remaining!CTP!selection!can!rely!much!more!robustly!on!the!choice!of!spoil!gradient!values.!Figure!4!compares!the!performance!of!this!phase!cycling!strategy!with!an!alternative!one,!illustrating!the!importance!of!phase!cycling!to!eliminate!erratic!residual!solvent!peak!behaviour.!It!should!be!noted!that!phase!cycling!is!in!essence!a!spectral!subtraction!method,!and!thus!its!effectiveness!in!this!respect!is!limited!by!factors!such!as!the!quality!of!spectrometer’s!field!and!lock!stability.!This!phase!cycling!strategy!is!embedded!into!the!one!proposed!in!Table!1!and!is!achieved!at!64!transients!(see!the!supplementary!material!for!a!more!extended!rationalisation!of!the!full!phase!cycle).!Besides!those!arising!from!rfHpulse!imperfections,!there!are!also!undesired!CTPs!that!would!get!through!even!when!the!rfHpulses!would!be!ideal.!When!these!are!refocused,!their!contribution!to!the!residual!solvent!signal!is!typically!very!strong,!with!a!high!probability!of!receiver!gain!overflow.!Fortunately,!the!gvar!values!where!these!may!occur!are!predictable!(supplementary!material).!One!solution!is!then!to!simply!avoid!these!critical!gvar!values,!or!discard!the!affected!increments!after!the!experiment.!A!more!elegant!solution!is!to!swap!the!spoil!gradient!values!with!an!alternative!set!that!lead!to!different!critical!gvar!values.!This!approach!was!implemented!for!the!PEHBPPSTEHWG!sequences,!further!improving!the!robustness!of!their!solvent!suppression!(supplementary!material).!Note!that!changing!spoil!gradients!can!have!a!very!slight!effect!on!the!S0!term!of!the!StejskalHTanner!equation!due!to!altering!the!diffusion!signalHloss!caused!by!these.!This!can!in!principle!be!taken!into!account!during!data!processing,!although!in!practice!the!effect!should!be!negligible.!!!
5.,Conclusions,!The!PEHBPPSTEHWG!sequences!allow!diffusion!measurements!combined!with!high!quality!solvent!and!JHmodulation!suppression,!the!latter!of!which!can!complicate!DOSY!analysis.!Narrow!suppression!bandwidths!are!achievable,!allowing!the!study!of!solute!peaks!nearby!the!residual!solvent!resonance.!The!PEHBPPSTEHWG1!sequence!is!preferred!when!narrow!suppression!bandwidths!combined!with!minimal!signal!loss!due!to!T2!weighting!is!needed,!while!the!PEHBPPSTEHWG2!sequence!generally!results!in!cleaner!solvent!suppression!results.!These!sequences!will!be!particularly!useful!for!systems!that!must!be!studied!under!protonated!solvent!conditions!and!where!diffusion!weighting!or!analysis!is!required,!such!as!complex!biological!fluids!or!proteinHligand!interactions.!!!
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All!measurements!were!performed!on!a!Bruker!Avance!III!spectrometer!operating!at!a!1H!frequency!of!500.13!MHz!and!equipped!with!a!BBIHZ!probe!with!a!calibrated!maximum!gradient!strength!of!50.2!G!cmH1.!Smoothed!rectangle!gradient!pulse!shapes!were!used!throughout.!Measurements!were!performed!on!Fristi®,!a!dairyHbased!food!beverage!made!from!yoghurt,!sweetened!with!several!sugar!additives!(FrieslandCampina!N.V.).!The!sample!was!prepared!by!diluting!18!µl!Fristi!with!60!µl!of!D2O!and!522!µl!H2O.!Sample!temperature!was!set!at!25°C.!Bruker!pulse!programs!and!details!on!how!to!set!up!the!experiments!are!provided!as!supplementary!material.!2D!DOSY!processing!was!performed!using!the!standard!univariate!method!in!the!DOSY!Toolbox![40]!version!2.0!running!under!MATLAB!8.0.0783.!!
Appendix,A,!Within!the!desired!CTP,!the!coherence!orders!during!the!pulse!intervals!containing!the!variable!gradients!in!the!PEHBPPSTEHWG!sequences!are!related!as!!! − !! = 0!and!!! − !! = 0.!The!difference!in!coherence!order!between!two!delays!∆!!,! !can!be!controlled!by!phase!cycling!all!rfHpulses!between!those!pulse!intervals!simultaneously.!The!CTP!selection!condition!is!then!∆!!,! = ∆! ± 4!!for!a!4Hstep!phase!cycle,!where!! = 0, 1, 2,…!and!∆!!is!the!desired!coherence!order!difference!that!is!imposed!by!the!implementation!of!the!phase!cycle!in!the!receiver!phase.!Assuming!the!solvent!has!a! ! !"# = 1,!thus!implying! ∆!!,! !"# = 2,!and!choosing!∆! = 0,!a!4Hstep!phase!cycle!will!limit!the!coherence!jump!to!just!one!possibility:!∆!!,! = 0.!Therefore,!two!4Hstep!phase!cycles!(16!steps!in!total)!implemented!as!Φ5!=!0213,!Φ6!=!Φ7!=!0213!+!04241434!and!Φ7!=!04241434!imposes!the!conditions!∆!!,! = 0!and!∆!!,! = 0!on!the!solvent!coherence.!!!!
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